1. Introduction {#sec1}
===============

Traumatic brain injury (TBI) is often referred to as the "silent epidemic" \[[@bib1]\]. Current estimations indicate that, about 5.48 million people suffer from TBI each year \[[@bib2]\] and its mortality increases with age \[[@bib3]\].

It is been shown that, progesterone exerts its neuroprotective effects by reducing brain edema through following mechanisms: it reduces the permeability of blood-brain barrier (BBB) \[[@bib4]\], aquaporin-4 (AQP4) expression \[[@bib5]\], and intracranial pressure (ICP) \[[@bib6]\]. It also increases cerebral perfusion pressure (CPP) \[[@bib6]\] and reduces inflammation by decreasing serum intercellular, molecule-1 (ICAM-1) adhesion \[[@bib7]\]. It has also been reported that following TBI, serum level of interleukin-6 (IL-6) and nerve growth factor (NGF) would increase \[[@bib8]\]. IL-6 is a cytokine that is produced (in addition to macrophages) in neutrophils, fibroblasts, microglia, endothelial cells, and astrocytes in response to infection and other cytokines \[[@bib9]\]. It is known that increased IL-6 level in TBI-induced inflammatory responses occurs in animal models and is one of the important factors in the development of responses in acute phase of TBI \[[@bib10]\]. The progesterone decreases the expression of IL-6, which indicates a decrease in the process of acute inflammation \[[@bib11]\].

NGF belongs to the neurotrophic family, which are involved in the regulation of growth, protection, proliferation, and survival of neurons \[[@bib12]\]. During the inflammatory process, NGF is largely secreted from astrocytes and induces axonal growth \[[@bib13]\].

Previous studies indicate that IL-8 \[[@bib14]\], IL-1β, and tumor necrosis factor-α (TNF-α) are involved in the promotion of NGF synthesis following brain injuries \[[@bib15]\]. It is also been shown that, IL-6 triggers the NGF production after TBI \[[@bib8]\]. The injection of progesterone increases the level of NGF, which is associated with the beneficial effects of NGF in adults after TBI, which include; suppression of neuronal death process, increase of axonal growth, and inhabitation of neuronal apoptosis. It is being suggested that, the levels of NGF and IL-6 alone are not the suitable indicators for prediction of post-TBI outcomes. However, the ratio of NGF/IL-6 is important, as this ratio has a significant but negative correlation with Glasgow outcome scores (GOS) and Glasgow coma scores (GCS). This ratio was also significantly lower in the survivors compared to the non-survivors \[[@bib16]\].

Considering the results of our previous research, which showed that progesterone injection at 0.5 h post TBI has beneficial effects on the reduction of brain edema and brain permeability \[[@bib17]\] and also, since patients usually arrive at emergency department with a delay, in present study, the injection was administered 2 h after TBI. In addition, as mentioned above, the ratio of NGF/IL-6 has a correlation with post-TBI outcomes, in this study we investigated the therapeutic effects of progesterone after TBI on ovariectomized rats by measuring these two cytokines and determining the ratio of NGF/IL-6.

2. Materials and method {#sec2}
=======================

2.1. Animals {#sec2.1}
------------

In this study, female Wistar rats (weighing from 200 to 250 g, and 5--7 months of age) were purchased from Animal Center of Kerman University of Medical Sciences, Iran. The rats were kept in closed cages in groups (Width 30 cm and length 60 cm). In addition, we did not have environmental enrichment, animal facility status, and specific pathogen free (SPF) in the cages. This study was approved by the Ethical Committee (No: EC/KNRC/95-22) of Kerman University of Medical Sciences and in accordance with internationally approved principles for animal use and care, as found in US guidelines (NIH publication\#85-23, revised in 1985). The rats were kept at 20--22 °C and humidity (50%) in controlled conditions with a 12 h light/dark cycle. They also had free access to food and water in the animal house of Kerman Faculty of Medicine.

2.2. Method of bilateral ovariectomy {#sec2.2}
------------------------------------

The female rats were anesthetized by 60 mg/kg thiopental (i.p) injection. The subabdominal area was shaved and a 2-cm incision was made. The skin, fascia and abdominal muscles were opened and the fats and intestine were sheared off until the uterus and its tubes were visible. Catgut 0--4 thread was then wrapped around the uterus tube and vascular base of the ovaries in the proximal area. We poured 1--2 ml of saline in the abdomen and then muscles and skin were pulled back and were stitched by catgut and 0--2 silk thread. The wound was washed with betadine solution. All experimental rats were ovariectomized (OVX) two weeks before the experiment \[[@bib18]\].

2.3. Experimental groups {#sec2.3}
------------------------

The animals were divided into 7 groups with 7 rats in each group. The groups were as follows: 1) **Sham group Sh)**: OVX rats received no vehicle or drug. 2) **TBI group**: OVX rats that received brain trauma. 3) **Vehicle-treated group (Veh)**: OVX rats that received progesterone vehicle (sesame oil) after the TBI \[[@bib19]\]. 4) **LP-treated group (LP)**: OVX rats that received low dose of progesterone (1.7 mg/kg, Aburaihan Pharmaceutical Co., Iran) \[[@bib17]\]. 5) **HP-treated group (HP)**: OVX rats that received high dose of progesterone (8 mg/kg) \[[@bib17]\]. 6) **CP group (CP)**: Six h after TBI, the rates received two 20mm Silastic capsules (1.55mm i.d., 3.18mm o.d, Dow Corning Corp., Midland, MI), each containing 30mm of crystalline progesterone \[[@bib20], [@bib21]\]. The CP level corresponds to about 10--20 ng/ml that is equivalent to basal levels of progesterone in the estrous cycle \[[@bib22]\]. 7) **Cveh group (Cveh)**: OVX rats were injected with vehicle (sesame oil) capsules at 6 h after trauma \[[@bib23]\]. In LP and HP groups, drugs were administered intraperitoneally (i.p) 2 h after a diffuse TBI, which was induced by Marmarou\'s method \[[@bib19], [@bib23]\]. Serum and CSF levels of IL-6 or NGF were measured in all groups after 48 h \[[@bib24]\], except CP or Cveh groups, which were measured 1 week \[[@bib25]\] after the TBI.

2.4. Preparation and implantation of silastic capsules {#sec2.4}
------------------------------------------------------

Progesterone and vehicle capsules were prepared by cutting silastic brand silicon tubing (Dow Corning Corp, Midland, MI). Progesterone was suspended in sesame oil (30mm in length, inner/outer diameter: 1.575/3.175mm) 10--20 ng/ml, plugged with five mm of wooden applicator sticks and sealed with silastic adhesive. The capsules were soaked in either sesame oil or the same concentration of hormone. Immediately before use, the capsules were rinsed by 95% ethanol and then washed with saline (Deurveilher et al., 2008). To administer the capsules, all animals were anesthetized with 60 mg/kg thiopental (i.p), then the loose skin below their neck was cut, and a tunnel was dissected caudally for capsule implantation. The skin was subsequently sutured \[[@bib6]\]. Since the capsule\'s content was being released slowly and gradually, the parameters were measured in CP and Cveh groups one week after the capsule implementation \[[@bib21]\].

2.5. Induction of diffuse traumatic brain injury (TBI) {#sec2.5}
------------------------------------------------------

Diffuse TBI was induced in the rates by a device made in Physiology Department of Kerman University of Medical Sciences according to Marmarou\'s method. Before inducing the TBI, all rates were anesthetized (with thiopental, 60 mg/kg, i.p) and intubated. For induction of TBI, the skin of the rat\'s skull was covered with a steel disk (10mm in diameter and 3 mm tick) and a 250 g weight was dropped on the disk from a 2-meter height. After the induction of diffuse TBI, the rats were immediately connected to the animal respiratory pump (TSA respiratory compact, Bad Homburg, Germany). After spontaneous breathing, the rats were detached from the ventilator and returned to their cage \[[@bib26]\].

2.6. Determination of brain edema {#sec2.6}
---------------------------------

The brain edema of each rat was assessed by measuring brain water content (BWC) at 48 h \[[@bib27]\] and 7 days \[[@bib28]\] following the diffuse TBI. The rats were anesthetized and the brain was removed and weighed (wet tissue weight). The brains were incubated at 100 inside an autoclave for 48 h (Memmert, Germany) and then were reweighed (dry weight). The percentage of water in each rat was calculated by the following formula: BWC (%) = \[(wet tissue weight-dry tissue weight)/wet tissue weight\] ∗100 \[[@bib27]\].

2.7. (VCS) Veterinary coma scale {#sec2.7}
--------------------------------

The neurological outcomes were measured according to the VCS and were expressed as a score ranging from 3 to 15, which were the sum of three functions; motor function (score range 1--8), eye function (score range 1--4), and respiration function (score range 1--3). According to VCS criteria, higher scores indicate better neurological outcomes, and lower scores indicate worse neurological outcomes. In the present study, the outcomes were measured 1 h before and immediately after the TBI (Time 0). The measurements were continued at 1, 4, and 24 h after the \[[@bib29]\].

2.8. Measurement of IL-6 and NGF in the serum and CSF {#sec2.8}
-----------------------------------------------------

**A:** In order to extract IL-6 and NGF from CSF, the animal was placed in the stereotaxic machine after thiopental anesthesia and its head was tilted horizontally 30--40°. The end of polyethylene tube (PE10) was then inserted slowly into the cisterna magna space and the CSF was collected \[[@bib30]\].

**B:** To measure the IL-6 and NGF in the serum, blood samples were collected from the heart and then they were centrifuged (Hrraeus, Germany) at 3,000 rpm for 15 min. Then, the serum was collected in micro tube (coagulant tubes) \[[@bib31]\] and analyzed for IL-6 and NGF by ELISA using commercial kits (IL-6, catalogue number: ESB2701082 from the Eastbiopharm, USA; NGF, catalogue number: EKU06179 from the Zell bio, Germany).

2.9. Statistical analysis {#sec2.9}
-------------------------

Quantitative data are presented as mean ± SEM. The Shapiro test was used to check the normal distribution of data. Variables in the experimental groups were compared by one-way ANOVA or independent t-test. The comparison of CSF and serum levels of NGF and IL-6 were analyzed by independent t-test. The Tukey LSD test was used for the ANOVA post-hoc analysis. Percentage of changes in the rats of each group was calculated by the equation: 100 percent × \[(data of hormone group − data of vehicle group)/data of vehicle group\]. Software SPSS-20 was used in the statistical analysis and P-values of less than 0.05 were considered to be statistically significant.

3. Results {#sec3}
==========

3.1. Brain edema {#sec3.1}
----------------

Changes in BWC in the ovariectomized rats are shown in [Figure 1](#fig1){ref-type="fig"}. The amount of BWC in TBI (79.06% ± 0.09) and vehicle (78.95% ± 0.17) groups significantly increased compared to sham group (77.52% ± 0.06) (P \< 0.001). After LP and HP injections, the amount of BWC significantly reduced to 77.9% ± 0.03 and 77.6% ± 0.08, respectively compared to the vehicle group (P \< 0.001) ([Figure 1](#fig1){ref-type="fig"}a). The BWC increase was significantly attenuated in CP--treated group (78.4% ± 0.21) compared to Cveh group (79.33% ± 0.2, P \< 0.01) ([Figure 1](#fig1){ref-type="fig"}b). Percentage changes in BWC of different progesterone-treated rats in comparison with the vehicle rats are shown in [Figure 1](#fig1){ref-type="fig"}c. There were no significant percentage changes of BWC in the treated groups.Figure 1(a) The effect of progesterone administration at 2 h after TBI on brain water content (%) in OVX rats (*n* = 7). **∗∗∗**P \< 0.001, vs. Sh. ^\#\#\#^P \< 0.001, vs. Veh. (b) The effect of capsule form of progesterone on brain water content (%) in OVX rats (*n* = 7). ^++^P \< 0.01, vs. Cveh (c). Changes in percentage of water content after TBI groups compared to vehicle group in rats treated with progesterone (*n* = 7). No significant difference was observed between LP, HP or CP groups. Sh, sham; Veh, vehicle; LP, low progesterone; HP, high progesterone; CP, progesterone capsule; Cveh, capsule vehicle.Figure 1

3.2. CSF level of NGF {#sec3.2}
---------------------

The CSF level of NGF was significantly higher in OVX rats with TBI (438.09 ± 16.52 ng/L) and vehicle groups (442.45 ± 23.21 ng/L) compared to sham group (276.95 ± 19.52 ng/L1) (P \< 0.001). However, the CSF level of NGF in the LP (486.90 ± 13.52 ng/L) and HP (503.9 ± 20.23 ng/L) groups was not significantly different from the vehicle group ([Figure 2](#fig2){ref-type="fig"}a). The amount of NGF in CSF in OVX rats was different between CP (449.24 ± 51.2 ng/L) and Cveh (339.64 ± 33.99 ng/L) groups (P \< 0.05) ([Figure 2](#fig2){ref-type="fig"}b). The percentage changes in CSF level of NGF in different progesterone-treated rats and the vehicle rats are shown in [Figure 2](#fig2){ref-type="fig"}c. The percentage changes in NGF level in the CP-treated group (36% ± 6.98) was significantly higher than the LP (11.15% ± 5.26) and HP (14.33% ± 4.69)-treated groups (P \< 0.01 and P \< 0.05, respectively).Figure 2(a) The effect of progesterone administration at 2 h after TBI on CSF levels of NGF (ng/L) in OVX rats (*n* = 7). **∗∗∗**P \< 0.001, vs. Sh. (b) The effect of capsule form of progesterone on CSF levels of NGF (ng/L) in OVX rats (*n* = 7). ^+^ P \< 0.05, vs. Cveh. (c) Changes in percentage of CSF of NGF after TBI compared with vehicle in rats treated with progesterone (*n* = 7). ^&&^P \< 0.01, vs.LP. ^&^ P \< 0.05, vs. HP. Sh, sham; Veh, vehicle; LP, low progesterone; HP, high progesterone; CP, progesterone capsule; Cveh, capsule vehicle.Figure 2

3.3. CSF level of IL-6 {#sec3.3}
----------------------

The CSF level of IL-6 was significantly higher in OVX rats with TBI (275.55 ± 9.1 ng/L) and vehicle (258 ± 16.51 ng/L) rats than sham rats (200.98 ± 19.95 ng/L) (P \< 0.001 and P \< 0.01, respectively). In addition, the amount of IL-6 in CSF was lower in the LP (161.98 ± 9.1 ng/L) and HP (135.72 ± 13.1 ng/L) groups than the vehicle group (P \< 0.01) ([Figure 3](#fig3){ref-type="fig"}a.). The CSF level of IL-6 was significantly lower in the CP (116.19 ± 24) in comparison with the Cveh group (180.96 ± 10.28, P \< 0.001) ([Figure 3](#fig3){ref-type="fig"}b). The percentage changes in serum level of IL-6 in all progesterone-treated rats compared to vehicle rats are shown in [Figure 3](#fig3){ref-type="fig"}c. We observed no significant difference in the percentage changes of CSF level of IL-6 in the groups.Figure 3(a) The effect of progesterone administration at 2 h after TBI on CSF levels of IL-6 (ng/L) in OVX rats (*n* = 7). **∗∗∗**P \< 0.001, vs. Sh.**∗∗**P \< 0.01, vs. Sh. ^\#\#^p \< 0.01, vs. Veh. (b) The effect of capsule form of progesterone on IL-6 levels of IL-6 (ng/L) in OVX rats (*n* = 7). ^++^, P \< 0.01.vs Cveh. (c) Changes in percentage of CSF of IL-6 after TBI compared with vehicle in rats treated with progesterone (*n* = 7). No significant different between LP, HP or CP groups. Sh, sham; Veh, vehicle; LP, low progesterone; HP, high progesterone; CP, progesterone capsule; Cveh, capsule vehicle.Figure 3

3.4. NGF/IL-6 ratio in CSF {#sec3.4}
--------------------------

There was no significant difference in CSF ratio of NGF/IL-6 in OVX rats with TBI (1.59 ± 0.08), vehicle rates (1.77 ± 0.21), and sham (1.41 ± 0.12) groups. However, the ratio of NGF/IL-6 in the LP (3.18 ± 0.22) and HP (3.94 ± 0.37) treated rats showed a significant increase compared to the vehicle group (P \< 0.05 and P \< 0.001, respectively) ([Figure 4](#fig4){ref-type="fig"}a). In OVX rats, this ratio showed a significant increase (P \< 0.001) in CP (4.9 ± 1.5) group in comparison to Cveh (1.94 ± 0.31) group ([Figure 4](#fig4){ref-type="fig"}b). The percentage changes in CSF ratio of NGF/IL-6 in all progesterone-treated rats compared to vehicle rats are shown in [Figure 4](#fig4){ref-type="fig"}c. The percentage changes of this ratio in CP-treated (247.27% ± 28.96) rat was higher than the LP (94.02% ± 33.17) and HP (124.52% ± 33.17)-treated rats (P \< 0.01).Figure 4(a) The effect of progesterone administration at 2 h after TBI on CSF ratio of NGF/IL-6 in OVX rats (*n* = 7). ^\#^P \< 0.05, vs. Veh. ^\#\#\#^P \< 0.001, vs. Veh. (b) The effect of capsule form of progesterone on CSF ratio of NGF/IL-6 in OVX rats (*n* = 7). ^+++^ P \< 0.001, vs. Cveh. (c) Changes in percentage of CSF ratio of NGF/IL-6 after TBI compared with vehicle in rats treated with progesterone (*n* = 7). ^&&^ P \< 0.01, vs. LP and HP. Sh, sham; Veh, vehicle; LP, low progesterone; HP, high progesterone; CP, progesterone capsule; Cveh, capsule vehicle.Figure 4

3.5. Serum level of NGF {#sec3.5}
-----------------------

The serum level of NGF was significantly different between OVX rats with TBI (367.39 ± 21.29 ng/L), vehicle (365.35 ± 19.96 ng/L) rates, and sham group (278.45 ± 24.42 ng/L) (P \< 0.01). The amount of NGF in serum was not significantly different in the LP (383.21 ± 12.24 ng/L) and HP (403.45 ± 12.53 ng/L) groups, and there was no significant difference between the treatment groups and vehicle groups ([Figure 5](#fig5){ref-type="fig"}a). In addition, the level of NGF was not significantly different in CP (391.78 ± 35.03 ng/L) and Cveh (365.67 ± 28.45 ng/L) groups ([Figure 5](#fig5){ref-type="fig"}b). The percentage changes in serum level of NGF in all progesterone-treated rats compared to vehicle rats are shown in [Figure 5](#fig5){ref-type="fig"}c. There was no significant difference in the percentage changes of serum level of NGF in the treated groups.Figure 5(a) The effect of progesterone administration at 2 h after TBI on serum levels of NGF (ng/L) in OVX rats (*n* = 7). **∗∗**P \< 0.01, vs. sh. (b) The effect of capsule form of progesterone on CSF levels of NGF (ng/L) in OVX rats (*n* = 7). No significant difference between TBI, CP or Cveh groups. (c) Changes in percentage of serum of NGF after TBI compared with vehicle in rats treated with progesterone (*n* = 7). No significant difference between LP, HP or CP groups. Sh, sham; Veh, vehicle; LP, low progesterone; HP, high progesterone; CP, progesterone capsule; Cveh, capsule vehicle.Figure 5

3.6. Serum levels of IL-6 {#sec3.6}
-------------------------

The serum level of IL-6 was significantly different between OVX rats with TBI (154.96 ± 7.79 ng/L) and sham group (121.50 ± 7.30 ng/L) (P \< 0.05). In addition, the serum level of IL-6 was significantly lower in the HP (95.69 ± 4.9 ng/L, P \< 0.01) and LP (106.10 ng/L ±2.68) (P \< 0.05) treated groups compared to the vehicle --treated (132.53 ± 12.03 ng/L) group ([Figure 6](#fig6){ref-type="fig"}a). The level of IL-6 in serum was significantly different between the CP and Cveh groups (P \< 0.001) ([Figure 6](#fig6){ref-type="fig"}b). The percentage changes in serum level of IL-6 in all progesterone-treated rats compared to vehicle rats are shown in [Figure 6](#fig6){ref-type="fig"}c. The percentage changes of IL-6 were significantly higher in CP-treated (-41% ± 5) rats compared to LP -treated (-12% ± 11) rats (P \< 0.01).Figure 6(a) The effect of progesterone administration at 2 h after TBI on serum levels of IL-6 (ng/L) in OVX rats (*n* = 7). **∗**P \< 0.05, vs. Sh.^\#^P \< 0.05, vs. Veh. ^\#\#^P \< 001, vs Veh. (b) The effect of capsule form of progesterone on CSF levels of IL-6 (ng/L) in OVX rats (*n* = 7). ^+++^P \< 0.001, vs Cveh. (c) Changes in percentage of serum of IL-6 after TBI compared with vehicle in rats treated with progesterone (*n* = 7). ^&&^ P \< 0.01, vs LP group. Sh, sham; Veh, vehicle; LP, low progesterone; HP, high progesterone; CP, progesterone capsule; Cveh, capsule vehicle.Figure 6

3.7. NGF/IL-6 ratio in serum {#sec3.7}
----------------------------

There was no significant difference in the NGF/IL-6 ratio in Serum between the OVX rats with TBI (2.43 ± 0.25), vehicle (2.93 ± 0.36) rates and Sham (2.19 ± 0.24) groups. Although high dose of progesterone could significantly increase the ratio of NGF/IL-6 (4.25 ± 0.12) compared to vehicle group (P \< 0.01) ([Figure 7](#fig7){ref-type="fig"}a.). After the implantation of progesterone capsule (4.42 ± 0.75) this ratio increased compared to Cveh (2.43 ± 0.49) group (P \< 0.001) ([Figure 7](#fig7){ref-type="fig"}b).The percentage changes in serum ratio of NGF/IL-6 in all progesterone-treated rats compared to vehicle rats are shown in [Figure 7](#fig7){ref-type="fig"}c. The increase in the percentage changes of this ratio was stronger in CP-treated (86.37% ± 8.83) group compared to LP -treated (37.96% ± 10.41) group (P \< 0.05).Figure 7(a) The effect of progesterone administration at 2 h after TBI on serum ratio of NGF/IL-6 in OVX rats (*n* = 7). ^\#\#^P \< 0.01, vs. Veh. (b) The effect of capsule form of progesterone on serum ratio of NGF/IL-6 in OVX rats (*n* = 7). ^+++^P \< 0.001, vs. Cveh. (c) Changes in percentage of serum ratio of NGF/IL-6 after TBI compared with vehicle in rats treated with progesterone (*n* = 7). ^&^ P \< 0.05, vs. LP. Sh, sham; Veh, vehicle; LP, low progesterone; HP, high progesterone; CP, progesterone capsule; Cveh, capsule vehicle.Figure 7

3.8. Comparison of the CSF and serum levels of NGF and IL-6 {#sec3.8}
-----------------------------------------------------------

The CSF level of NGF was significantly higher than the serum NGF level in TBI, vehicle, and HP groups (P \< 0.001, P \< 0.01, and P \< 0.01, respectively). In addition, the CSF level of IL-6 was higher than the serum IL-6 level in TBI, vehicle (P \< 0.001), LP, and HP rats (P \< 0.05). TBI has increased NGF in the CSF compared to serum. The difference was eliminated in the serum and CSF levels of NGF in the LP group, but it remained in the HP group. However, the CSF level of IL-6 has decreased in LP and HP groups, but it was still greater than serum levels in sham group. Also similar to IL-6, there was no difference between the levels of NGF in CSF and serum in the CP group ([Figure 8](#fig8){ref-type="fig"}).Figure 8Changes in CSF and serum concentration of NGF and IL-6 in different groups following diffuse traumatic brain injury (n = 7).(a) ∗∗∗ P \< 0.001 and **∗∗**P \< 0.01 vs serum. (b) ^\#\#\#^P \< 0.001, ^\#\#^P \< 0.01, and ^\#^P \< 0.05 vs serum. Sh, sham; Veh, vehicle; LP, low progesterone; HP, high progesterone; CP,progesterone capsule; Cveh, capsule vehicle.Figure 8

3.9. Neurological outcomes (VCS) {#sec3.9}
--------------------------------

Since the maximum neurologic score was obtained in the groups within 24 h and the difference between treatment groups and the sham group disappeared, the VCS index was not measured for more than one day. [Figure 9](#fig9){ref-type="fig"} shows VCS at different times in all groups. At immediately, 1 and 4 h after TBI, this index was lower in OVX rats with TBI (5.42 ± 0.64, 11.42 ± 0.20, and 13.28 ± 0.19 at immediately, 1 and 4 h, respectively, P \< 0.001) and vehicle rates compared to sham (15 ± 0 at all the times) group ([Figure 9](#fig9){ref-type="fig"}). At 1 and 24 h after TBI, no significant difference in this index was observed between the vehicle, HP, and LP groups ([Figure 9](#fig9){ref-type="fig"}). However, 4 h after TBI, the VCS in HP (14 ± 0.21) group was significantly higher than vehicle group ([Figure 9](#fig9){ref-type="fig"}). No significant difference in this index was seen in OVX rats and CP and Cveh groups at different times ([Figure 10](#fig10){ref-type="fig"}). The percentage changes in the VCS in all progesterone-treated rats compared to vehicle rats are shown in [Figure 11](#fig11){ref-type="fig"}. The increase in this index was stronger in HP (6.51% ± 0.74)-treated group compared to the LP and CP -treated groups (P \< 0.01).Figure 9Changes in VCS at different times in treated and non-treated rats (*n* = 7). ∗∗∗P \< 0.001 immediately after TBI and at 1 h and4 h after TBI for sham group vs. TBI and Veh groups. \#, P \< 0.05 at 4 h after TBI for HP group vs. Veh group.Figure 9Figure 10Changes VCS at different times in treated and non-treated rats (*n* = 7). No significant different between Cp and Cveh groups all the times.Figure 10Figure 11Changes in percentage of VCS at 4 h after TBI with vehicle in treated rats (*n* = 7). ^&&^ P \< 0.05 HP group vs. and CP groups. Sh, sham; Veh, vehicle; LP, low progesterone; HP, high progesterone; CP,progesterone capsules; Cveh, capsule vehicle.

4. Discussion {#sec4}
=============

IL-6 and NGF are among important biomarkers that effect TBI outcomes. Although it has been reported that, values of these two biomarkers alone cannot be a good indicator of TBI outcome, the NGF/IL-6 ratio can still be important. In the present study, the NGF/IL-6 ratio was investigated after the administration of different forms of progesterone in OVX rats. The main findings of our study included: 1) Both low and high dose of progesterone and CP reduced the brain edema. 2) Injection of different doses of progesterone did not increase the level of NGF and only CP increased the NGF in CSF, while both injected doses, and CP reduced the level of IL- 6 in CSF after TBI, but high dose of progesterone, and CP reduced the serum IL-6. 3) Low and high doses of progesterone, and CP increased the ratio of NGF/IL-6 in CSF after TBI, but the serum level of this ratio was only increased by high dose and CP. 4) The levels of NGF and IL-6 in TBI and HP groups were higher in CSF than in serum (see [Figure 8](#fig8){ref-type="fig"}).

4.1. Effect of doses and different methods of progesterone administration on brain edema {#sec4.1}
----------------------------------------------------------------------------------------

The results of this study showed that, TBI in OVX rats caused more BWC in comparison with the sham (intact) animals, so the BWC increased by 1.54%, 1.43%, and 1.81%, in the TBI, vehicle, and Cveh groups, respectively and this increase was reduced by 1.05% in LP, 1.3% in HP, and 0.9% in CP groups. This effect was neither dependent on dose, nor on the method of administration, because there was no significant difference between the two doses and between the LP, HP, and CP groups. Many experimental studies have revealed the neuroprotective effects of progesterone \[[@bib32]\]. Soltani et al confirmed that progesterone inhibits the brain edema. Maghool and O\'Connor showed the reduction of BBB permeability in TBI by progesterone \[[@bib4], [@bib6]\]. In addition, Maghool et al reported that sustained release of progesterone (capsule) is beneficial in the treatment of TBI \[[@bib6]\]. Progesterone also protects neurons by decreasing inflammatory cytokines after TBI \[[@bib33]\].

Some of the possible mechanism(s) by which LP and HP, as well as capsule form of progesterone reduce brain edema include; decreasing the expression of AQP4 \[[@bib5]\], reducing inflammatory cytokines such as IL-6 \[[@bib34]\], decreasing cytokine receptors \[[@bib35]\], decreasing the expression of MMP2 (Matrix Metallo Proteinases) and MMP9 \[[@bib36]\], increasing the expression of caludin5 and occludin1 \[[@bib37]\], increasing p-glycoprotein pump (PGP) expression \[[@bib38]\], having antioxidant properties \[[@bib39]\].

Findings of some studies on progesterone do not support the results of present study, including decrease in brain edema after TBI \[[@bib11]\] and increased cell death and worsening of brain inflammation \[[@bib40]\]. Possible reasons for this differences could be the type of study (animal or human), animal\'s sex, animal\'s species, duration of drug administration and method of brain edema induction as well as types of brain injuries \[[@bib40]\].

4.2. The effect of progesterone on the NGF level in serum and CSF {#sec4.2}
-----------------------------------------------------------------

The other part of this study showed that, the CSF level of NGF in OVX rats increased in TBI, vehicle, and Cveh groups by 58.18%, 65.5%, and 22.6%, respectively and in serum by 31.94%, 31.2%, and 32.31% respectively. Among different administration forms of progesterone, only CP could increase the level of NGF in CSF after TBI. Comparing the level of NGF in CSF and serum showed that, the NGF level was higher in CSF than in serum. This means that, perhaps measuring the level of this biomarker in the CSF is better for detecting changes than measuring its level in the serum. The higher NGF level in CSF suggests that, the brain\'s injured tissue is the source of this biomarker. These results also indicated that, perhaps the progesterone form or the duration of administration contributed to the progesterone\'s neuroprotective effects, because it was effective in the CP group as subcutaneous capsule when administered for a longer time.

Consistent with the above results, it has been reported that NGF increases in serum and CSF of TBI patients, and this increase is significantly more in CSF then the serum \[[@bib41]\]. It has also been shown that, the increase in NGF in traumatized children is consistent with appropriate neurological outcomes, and it is an essential element for repairing damaged cells caused by TBI \[[@bib42]\]. The NGF levels are also elevated in ischemia \[[@bib43]\]. This peptide has been reported to cause neuronal proliferation, differentiation and synaptogenesis, improve motor and cognitive function, and decrease brain edema \[[@bib44]\].

In agreement with the current study, progesterone has been reported to increase NGF production after TBI and thereby decreases apoptosis and improves motor function following TBI \[[@bib45]\]. It has also been shown that, progesterone increases the expression of NGF in peripheral organs, which plays an important role in regulating neuronal plasticity, nociception, and restoration of sympathetic nervous system \[[@bib46]\]. The mechanism for beneficial effects of progesterone is that, it increases NGF by stimulating the expression and regulation of NGF receptors \[[@bib45]\]. In addition, progesterone has the capacity to increase the NGF mRNA content, translation of the NGF gene or stability of NGF protein \[[@bib46]\]. It is also possible that progesterone exerted elects on NGF via glucocorticoid receptors. Glucocorticoids stimulate increases the expression of NGF, in the brain \[[@bib47]\].

The possible mechanism (s) of neuroprotective effect of NGF after brain injury include: reduction of intracellular calcium \[[@bib48]\] and promotion of antioxidant activity \[[@bib49]\].

The results of present study are not consistent with the findings of some studies that showed NGF reduction by progesterone following brain injury \[[@bib50]\] and lack of NGF effect on neuronal recovery following TBI \[[@bib51]\]. Possible differences in the results of the present study with others can be due to the difference in the type of brain injuries \[[@bib50]\], the dosage and method of progesterone administration, and the severity of neurological injury \[[@bib51]\].

4.3. Effect of progesterone on the IL-6 level in serum and CSF {#sec4.3}
--------------------------------------------------------------

In another section, the results of this study showed that, IL-6 level in the TBI group increased by 37.1% in CSF and 53.27% in serum 48 h after the TBI. The IL-6 levels in CSF also reduced by 37.09% in LP, 47.49% in HP, and 37.80% in CP. The IL-6 levels in serum also reduced by 13% in LP, 27.79% in HP, and 41.57% in CP using low and high doses as well as capsule form of progesterone, respectively. Since there was no significant difference in serum level of IL-6 between the vehicle and sham groups, it is likely that the vehicle group had inhibitory effects on this cytokine. In all treatment groups except the CP group, the level of this biomarker was greater in CSF than serum, which could be due to two reasons: First, it is likely that there was a greater increase in CSF after TBI, so despite the decreasing effects of administered doses, the level of IL-6 in CSF was higher than the serum. Second, the CP group, in comparison with the injection groups, caused a similar reduction in serum and CSF. The elevated level of IL-6 in the CSF compared to serum suggested that, the brain\'s injured tissue was the source of cytokine production. An increase of a biomarker in CSF is a more reliable indicator than in serum, because it excludes the increases of poly-traumas. Furthermore, the effect was dependent on the method of administration, because the CP group reduced the level of this cytokine more than the HP-LP groups.

In regard to the importance of IL-6 in trauma, there are conflicting results, especially in the role of IL-6 as a predicting factor for ICP, mortality, and post-traumatic outcomes \[[@bib18]\]. It has been reported that, the initial increase of IL-6 can have a protective role, while its delayed increase can be harmful. An increase in this cytokine in patients\' CSF or serum following TBI has also been reported. There are conflicting reports about the time and the peak of IL-6 elevation, which ranges from 12 h \[[@bib52]\] or 48 h in some studies \[[@bib52]\], to 1--2 days \[[@bib53]\], and 4 days after injury in other studies \[[@bib54]\]. It seems that, the timing of cytokines\' expression has a correlation with the extent of injury.

Findings of some studies are in line with the present study, including progesterone injection causes a significant decrease in IL-6 serum levels \[[@bib38]\]. Sarkaki et al also found that a high dose of progesterone 6 h after TBI reduces IL-6 level, while its low dose causes the same decrease in 24 h \[[@bib34]\]. Shahrokhi et al reported that not only progesterone, but also its combined form with estrogen reduces the IL-6 level \[[@bib18]\]. Progesterone reduces ICP by decreasing IL-6 level \[[@bib17]\]. Considering the above arguments, it seems that one of the mechanisms, by which this steroid is beneficial in improving post-TBI outcomes, is to decrease the level of IL-6. Chen et al reported that the main mechanism of progesterone in reducing inflammation after TBI is inhibition of IL-6 and IL-1β \[[@bib55]\]. The possible mechanism(s) by which IL-6 contributes to the prolonged damage after TBI include; increasing CPP \[[@bib56]\], the loss of neurons, impaired BBB function, and vessels\' deficiency with major neurological disorders \[[@bib57]\]. Mechanism mediating the beneficial effects of progesterone may be its anti-inflammatory properties, which is supported by our previous work that showed progesterone inhibited IL-6 production after TBI \[[@bib32], [@bib58]\]. Probably mononuclear cells and astrocyte secretion of IL-6 in response to TBI is blocked by progesterone treatment \[[@bib59], [@bib60], [@bib61]\]. Toll-like receptor 4 (TLR4) activates pro-inflammatory pathways including inflammatory cytokines, such as IL-6 and TNF-α. It has been reported that, there are cross talk between TLR4 and progesterone receptor, and this mechanism may be responsible for progesterone mediated inhibition of the IL-6 induction \[[@bib62]\].

There are also studies that do not confirm the results of present study, including the study of Holmin et al which found that, IL-6 level does not increase after brain injury \[[@bib54]\]. Possible reasons for this difference can be the use of human samples \[[@bib54]\] and the method of brain injury induction \[[@bib8]\].

4.4. Changes in NGF/IL-6 ratio in CSF and serum in OVX rats {#sec4.4}
-----------------------------------------------------------

The ratio of these two biomarkers was also measured in the present study. This ratio in CSF increased by LP 94.02%, HP 124.52%, and CP 247.27%. It also increased in serum by 62.94% and 86.37% respectively, using high dosage and capsule form of progesterone. Although no significant difference was observed between the two administered doses, the role of **consumption** method was obvious, as the CP group increased this ratio in the CSF 153.25% and 12.75%, more than the LP and HP groups, respectively.

It seems that, the reason for the lack of change in NGF/IL-6 ratio after TBI was the alignment change in the levels of NGF and IL-6, so that they both increased after TBI. On the other hand, NGF level was also higher than IL-6 level in the treatment groups. It was found that, although all administration doses and methods reduced the level of IL-6, the HP-induced reduction in this cytokine was higher than other groups, and this may be due to the higher proportion of this ratio in HP compared to LP. However, examining the NGF revealed that only CP increased the NGF. Therefore, it can be concluded that, this high ratio in the CP group compared to other groups was due to a higher increase in NGF and not a further reduction in IL-6. So, it can be said that, in cases where we need to increase NGF, the capsule method can be used, and in cases where reduction in IL-6 is required, injection methods should be recommended.

It has been reported that, NGF increases and IL-6 decreases over time \[[@bib42]\]. Many cytokines, especially interleukins, have neurotrophic effects and produce certain neurotrophic factors. Also, IL-6 has been reported to stimulate the production of NGF via the ERK pathway \[[@bib41]\] and under various conditions \[[@bib8]\].

It has been argued that, the levels of NGF and IL-6 alone are not good indicators for predicting post-TBI outcomes, as there are many conflicting studies some of which show their advantages \[[@bib16]\] and others show their disadvantages \[[@bib42]\]. It has been reported that, the NGF/IL-6 ratio is correlated with GCS and GOS scores \[[@bib16], [@bib42]\]. Our study also found that, the measurement of ratio is a better indicator for evaluating the effects of progesterone after TBI, because despite the lack of changes in NGF after injection of progesterone doses, the ratio of NGF/IL-6 increased by both doses. The results of our study are not consistent with the results of other studies \[[@bib16], [@bib42]\], which have reported the decrease of this ratio with the improvement of neurological outcomes, such as improved GCS and GOS scores. The difference in the results of these studies could be due to differences in the study sample that was patients and the measurement index and time.

4.5. The effect of progesterone on VCS {#sec4.5}
--------------------------------------

The results of neurological score (motor, ocular, and respiratory) measured in this study in OVX rates showed that, a higher VCS score was obtained at 4 h after TBI for high doses of progesterone. This means that, this dose was more effective at 4 h after TBI than other doses. Also, although all treatment groups had higher scores compared to vehicle at this time, this difference was not significant. The results of this study are in agreement with the findings of Dehghan et al \[[@bib63]\], and Zahedi Asl et al \[[@bib64]\] who showed that VCS decreases immediately after brain injury. Since the gradual release of progesterone was not effective in increasing VCS at any time in this study, this method is not recommended in any study that was to consider the increase in VCS. The mechanism by which progesterone increases VCS may be due to its beneficial effect on reducing brain edema and blood-brain barrier permeability, as shown in our study. Stien et al reported that this sex hormone may increase neurological scoring after TBI by reducing ICP \[[@bib18]\]. Shahrokhi et al have also confirmed this finding. In addition, increased CBF, which is directly related to ICP, leads to increased VCS \[[@bib65]\]. However, Shahrokhi et al showed that at 24 h post-brain injury, there was an increase in VCS of the progesterone-treated group, which is contrary to the results of our present study \[[@bib18]\]. This could be due to the differences in time and type of anesthetic drug used in these studies.

5. Conclusion {#sec5}
=============

The current study suggests that, progesterone has a neuroprotective effect on OVX rats after TBI by reducing IL-6 or increasing NGF. However, the increase in NGF occurred only when progesterone was administered as capsule over a long period of time. On the other hand, although, the NGF/IL-6 CSF ratio increased by all forms of progesterone administration, it increased more by capsule compared to injection forms. Furthermore, an increase in the level of NGF and IL-6 was higher in CSF than in serum after TBI and the effects of high dose of progesterone on the increase of NGF or the reduction of IL-6 was higher in CSF than in serum. It seems that, the brain is the source of NGF and IL-6 production, and the neuroprotective effects of progesterone are due to the changes in the production of these two biomarkers in the brain. Although the ratio of NGF/IL-6 in CSF increased by both progesterone dosages, this ratio only increased in the serum by a high dose of progesterone. In addition, in all cases the effect of capsule form was probably greater than both injection forms. So, in future studies it is suggested that, instead of measuring these biomarkers individually, their ratio should be determined as a variable, to identify the neuroprotective effect of a drug. In conclusion, the effect of progesterone was greater in CP group than injection groups, but further studies are needed to confirm this.
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